It is an uncertain problem how to determine the locations and the injection capacities of Photovoltaic Power generation in distribution network. The paper presents a new method to confirm it. Determine the initial configuration point according to the "2/3 Principle", and determine the locations and the injection capacity of Photovoltaic Power generation in distribution network based an objective function of minimum loss. In the lowvoltage distribution system, the active power has a greater impact to the photovoltaic power generation system grid connection voltage than the reactive power. On the condition of the voltage of end node stability, take the photovoltaic power generation as research object, and put forward to the adjustment magnitude of the active power of different photovoltaic grid connected points, realize the matching active power injection and the active power regulation connection with a reasonable proportion based on different node needs. The IEEE 33 node distribution system is used to verify the method, the power loss drops by 64%, the voltage of end node is improved by 9.6% on average. The method has a good effect on reduction of the power loss as well as improvement of the voltage of end node. It realizes the effective operation of the photovoltaic system gridconnected.
INTRODUCTION
The distributed renewable energy source is represented by the rapid development of photovoltaic power generation on a global scale, and photovoltaic power generation's dominant role in the energy source is an inevitable trend (Pei et al., 2011; Chen et al., 2011; Zhou et al., 2012) ; with the increasing proportion of the photovoltaic power generation in the distribution network, its operation will affect the voltage of the connection point and the flow distribution of the distribution network, but the unstable photovoltaic power generation capacity will result in fluctuations in voltage of the distribution network. The urgent problem is to realize controllable and adjustable of connected photovoltaic power generation .
Chinese rural power network is mostly radiation structure or tree structure. Zoning Optimization is a method to achieve voltage regulation of network nodes. It not only can reduce the number of nodes, but also can improve the efficiency of control. Therefore, the configuration of photovoltaic power generation system connected the low-voltage side has a practical significance.
At present, the photovoltaic power generation system connection can be divided into the centralized type (photovoltaic power station) and the distributed type (rooftop solar power generation) (Khederzadeh Mojtaba, Maleki Hamed, 2013) , which are respectively incorporated into the high-voltage grid and medium and lowvoltage distribution networks. This paper mainly studied the photovoltaic power generation connection at the low-voltage side of the distribution to discuss the control method for adjusting the active power grid connection.
First, it analyzed the power transmission relationship between the photovoltaic power generation system and the grid, and then obtained the grid-connected photovoltaic power generation as the injected active power for study. In the references, since the majority regarded the distribution network of the photovoltaic grid connection as a multi-source network (Chen et al., 2013; Deng et al., 2015) , the analysis is relatively complex.
In fact, when photovoltaic power is connected to the distribution network, the photovoltaic power source can be seen as a special load on a bus and thereby only send the active power.
The initial configuration points were determined according to the "2/3 Principle", then it used an objective function of minimum loss to model Photovoltaic power system. Then we obtained the node voltage-active power sensitivity matrix after the equal-capacity photovoltaic power connection; the adjustment of the active power of the photovoltaic power generation system connected point improved effectively terminal node voltage, and made the active power loss of the branch changed slowly. The example simulation results verified the correctness and the feasibility of the proposed method. Therefore, the power adjustment method is an important theoretical support to the active power distribution of the distribution network of the photovoltaic power generation system in the future.
POWER TRANSMISSION
In the photovoltaic power generation connected distribution system, DC power is converted into AC power through an inverter to the grid, and provides active power and reactive power for the electricity network. Figure  1 shows a simplified circuit model of PV grid-connected system. 
The reactive power Q transmitted to the grid through the action of the inverter DC bus capacitor:
Simultaneous calculation of formula (1) and (2): where -
The power transmission between the PV system and the main grid in the power quadrant plane is shown in 
After connection of the photovoltaic power generation system, the terminal voltage will increase, and the change in the voltage of the corresponding first end node can be expressed as:
In the end nodes of the branch, for example, when the PV system is connected with the unit power factor ( 1 P ) and network, while ensures that the terminal voltage reaches the maximum work limit ( cri U ), then the change in the voltage of end node is as follows:
When the injected active power increases to 2 P for ensuring the voltage of the end node constant, then the following formula is given:
Therefore, after ensuring the voltage of the end node constant and increasing injection of the active power ( 21    P P P ), the compensation value of the reactive power is:
In the case of ensuring the terminal voltage stable and constant, increasing injection of the active power must compensate accordingly the reactive power. If increase the R X value, it requires more reactive power injection to prevent over-voltage, and also raises higher requirements on the capacity of the photovoltaic grid connected inverter, so we realize the stable operation of the photovoltaic grid by adjusting the injection of the active power (Reinaldo Tonkoski Luiz A. C.Lopes Tarek H. M. El-Foul, 2011).
Determine the Position of the PV Grid-Connected System and the Grid Connected Capacity
According to the National Standard Power Quality -Deviation of Supply Voltage GB 12325-2008: the low-voltage power supply voltage deviation is ±7% of the nominal voltage, the connected point of the PV gridconnected inverter allows the voltage ranging from 0.88 pu to 1.1 pu of the rated voltage. The voltage at each PV grid-connected node shall meet such performance indicator, when the voltage of the grid-connected node exceeds the limit, 0.88 pu to 1.1 pu of the rated voltage, then the inverter will cut off automatically the node connection; when the node voltage is restored to the rated voltage of 0.89-1.09 pu , the inverter will be reconnected naturally to the grid nodes in parallel. The photovoltaic system has high permeability injected network, on an ideal conditions of uniform distribution load, the effect methods of reducing power loss is "2/3 principle" to configure the PV system. But there are many feeder branches and no uniform distribution load in distribution network. The paper presents a new method to determine the locations and the injection capacities of photovoltaic power generation. It determines the initial configuration point according to the "2/3 Principle", and adopts an objective function of minimum loss to model Photovoltaic power system. 
The constraint equation is min . max .
.max
Here, L is the number of feeder branches of distribution network; 
Adjust Active Power Injection with A Reasonable Proportion
According to the methods what is said above, the locations, the injection capacities and the power loss are shown in Table 1 . The photovoltaic power generation is affected significantly by seasons, temperature and other factors, and has intermittent and unstable characteristics. So it is difficult and impractical to require operating uniformity of all nodes. In the low-voltage system, the voltage of the grid-connected point has higher correlation with the active power than the reactive power. In 2004, IEEE clearly defined the stability of the power system as the power angle stability, the frequency stability and the voltage stability. When the inverter adopts the P-V droop control, with the same system operating frequency, the reactive power output will be distributed uniformly; however, due to different output line impedance, the active power can't be distributed uniformly. Therefore, we used different active power regulations.
We obtained the voltage sensitivity matrix of the injected PV node after the load flow calculation from MATLAB: i and j are respectively equal to 1, 2, 3 ...... The matrix respectively indicates the sensitivity relationship between the node voltage and the active power of the PV grid-connected system nodes (node 11, 21, 24 and 30) when the 800kW active power is injected. In the sensitivity matrix of node voltage and active power loss, if the variable is negative, this indicates that with increase of the active power injection, the node voltage increases; if the variable is positive, this indicates that decrease of the active power injection to this node, the node voltage decreases. The change in the active power of the last PV grid-connected node should be: 
To ensure that the entire network node voltage does not exceed the limit, when injected 800kW power, the voltage value of the PV grid-connected node was recorded as cri U ; variables of the active power of each node when injected 800kW power is shown in Table 2 . Assuming that loads are of the same type to enable the photovoltaic power curve matched with the load curve, the injection of the active power of the four nodes was adjusted accordingly from the last PV gridconnected node according to the variables of the active power of the PV grid-connected node.
Case 1: Select the case that four nodes (30, 11, 21 and 24) are injected with the active power of the same capacity (800kW) for photovoltaic power generation, the node voltages of the distribution network are within the normal working range, and the terminal node voltage increased to the value above the lower limit. To ensure that the entire network node voltage does not exceed the limit, the voltage value of the PV grid-connected node was recorded as cri U , and the injection of active power was adjusted according to such a reference. The voltage value of the PV grid-connected node 1.07 over the photovoltaic grid node was recorded as max U . Case 2: Select the case of the 2/3 capacity of the first end branch active power for PV grid-connection: as shown Figure 5 , the change curves of (1-16) (26-33) sub-feeder nodes are almost coincided, this shows that case 1 and case 2 have the same effect on the two sub-feeders. However, in case 2, the first end active power changed to the maximum extent, as shown in Figure 6 . The active power injection adjustment nodes of the (16-22) sub-feeder in case 2 are four less than that in case 1; therefore, the node voltage of the (16-22) sub-feeder in case 2 was not changed too much. This also verified the close correlation between the changes in voltage and the active power injection of the PV grid-connected node. Case 3: Based on adjusting the variables of the active power, the output loss from the distribution network will be uniformly shared by the injected PV nodes to realize the injection capacities of the active power to node at a reasonable proportion.
(1) The node voltage curve has better improvement effect to the entire network node voltage than those in case 1 and case 2, and it has significant raise effect on the voltage of end node and less fluctuation of the entire network node voltage curve, so it has better adaptability to the sudden photovoltaic power failure or power outage in special circumstances, and higher response speed.
(2) The active power change chart shows the change trend of uniform distribution of the entire network; it has significant effect on decline of the active power of the top node, and case 1, case 2 and case 3 have the same change in active power of branches of (11-15) (30-32) sub-feeders; therefore, nodes 11 and 30 have the same effect on the PV grid connection in three schemes, and case3 have more adjustment nodes in the branches of the (17-22)(26-30) sub-feeders than case 2, so that it has significant effect on increase of the terminal voltage.
CONCLUSIONS
This paper studied optimization of adjustment of the active power at the PV grid-connected low-voltage side, it overcame the defects of low terminal voltage and high impact of the PV grid connection to the main grid. It proposed the PV grid-connected capacity schemes, verified the good effect of the active power injection. The schemes were verified to be reasonable and effective.
(1) In view of the defect of too high impact of the traditional PV grid-connection to the distribution network, this paper gave a reasonable proportion of the active power injection in the PV grid-connected node, and considered to share the output loss by the PV grid-connected nodes.
(2) The schemes have a good improvement effect on the voltage of end node with the reasonable active power injection in the photovoltaic power generation system and a reduction of the active power loss of the distribution network, the power loss drops by 64%, the voltage of end node is improved by 9.6% on average.
(3) The photovoltaic power shall not be more than 25% of the capacity of the upper level of the distribution transformer in the low-voltage side, which is not considered herein, so follow-up work remains to be resolved.
